Clonal isolates of an early passage stock of woolly monkey sarcoma virus (WSV) have been shown to code for different numbers of woolly monkey helper leukemia virus gag gene products. In the present report, the molecular mechanisms responsible for their differential expression of gag gene products have been analyzed. Three WSV RNA genomes were shown to possess sedimentation coefficients consistent with the differences demonstrated in their allotments of helper viral sequences. The WSV variant (WSV clone 9) that expressed no detectable proteins was shown to contain the largest amount of helper viral information. Moreover, there was no additive hybridization of the WLV complementary DNA probe by RNA of this WSV clone and that of a WSV clone coding for several gag gene products. These results suggest that the lack of expression of gag gene products by WSV clone 9 is not due to a major deletion of helper viral gag gene sequences. Similar levels of WLV-specific RNA were demonstrated in cells nonproductively transformed by each WSV clone, arguing that the ability to express gag gene proteins was not related to the magnitude of viral RNA transcription. Taken together, the results are most consistent with a mechanism by which small deletions or point mutations in the genomes of some WSV variants result in premature termination of translation or synthesis of immunologically nonreactive gag gene proteins. The present findings have implications concerning the effects of evolutionary selective pressures on helper viral genetic information in mammalian transforming viruses.
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Known RNA-containing mammalian sarcoma viruses are defective in functions necessary for their replication (1, 3, 5, 9, 18, 19, 21) . A type C RNA helper virus provides its structural proteins (3, 19) and reverse transcriptase (37) to the defective sarcoma viral genome. Evidence has accumulated that the sarcoma viral genome contains some sequences of the helper virus initially isolated in association with it (2, 4, 6, 8, 10, 13, 22, 24, 30, 31, 38) . Cells transformed by certain sarcoma virus strains in the absence of a replicating helper virus do not express any detectable helper viral proteins (3, 5, 19, 21) , whereas transformants of other strains code for helper viral proteins (2, 4, 9, 24, 25, 29) ranging up to all of those coded within the gag (7) region of the helper viral genome (8) .
The (24, 28) . These findings have led to the conclusion that the lack of expression of particular helper virus gene products results from deletion of those helper viral sequences (24, 28) . Recently, clonal variants of an early passage stock of the woolly monkey sarcoma virus (WSV) have been shown to induce expression of different numbers of gag gene products (4, 8 (17) . Clonal WSV variants of an early passage stock of WSV have been described previously (4). Nonproducer cell lines transformed by prototype WSV variants have been characterized immunologically with respect to their expression of the WLV gag gene proteins p12, p30, and plO (4, 8) . WSV clone 11 codes for all three proteins, whereas WSV clones 2 and 9, respectively, cause expression of p12 or none of these three gag gene proteins. The transforming viruses do not code for the expression of the env gene-coded gp7O (4) . A clonal isolate of Kirsten murine leukemia virus (Ki-MuLV) was also used (5).
Virus assays. Sarcoma viruses were assayed for focus-forming activity as previously described (5) . The quantitation of virion-associated reverse transcriptase in tissue culture fluids by using polyriboadenylic acidoligodeoxythymidylic acid was performed by published procedures (35 (36), 0.014% (vol/vol) Triton X-100, and 100,g of virus per ml. After incubation at 37°C for 6 h, the reaction was terminated by the addition of an equal volume of 0.1 M Tris-hydrochloride (pH 7.5)-0.2 M NaCl-0.05 M EDTA-0.8% sodium dodecyl sulfate-5 ,ug of calf thymus DNA per ml-i mg of self-digested Pronase per ml. After incubation for 1 h at 37°C, viral cDNA was phenol extracted, ethanol precipitated, and passed over a Sephadex G-50 column. The molecular weights of labeled and unlabeled sheared cellular DNAs, as well as that of cDNA, were shown to be similar (6 to 8S), as determined by alkaline sucrose gradient sedimentation. The specific activity of the cDNA was 2 x 107 cpm/tg. To estimate its genetic complexity, WLV cDNA was annealed to 32P-labeled 70S WLV RNA. Hybridization. RNA-DNA hybridization was performed by the addition of [3H]cDNA (1,000 to 1,200 cpm) to reaction mixtures containing 0.01 M Trishydrochloride (pH 7.4), 0.6 M NaCl, 1 mM EDTA, and varying amounts of viral RNA or cellular RNA in a volume of 0.05 ml. Incubation was for 18 h at 68°C. DNA-DNA hybridization reaction mixtures consisted of 2 to 4 mg of DNA, 12,000 cpm of [3H]cDNA probe, 0.01 M Tris-hydrochloride (pH 7.4), 0.6 M NaCl, and 1 mM EDTA in a final volume of 0.5 ml. After boiling for 3 min, reaction mixtures were incubated at 62°C. At varying times, 0.025-ml portions were removed and frozen at -70°C. All hybridization was assayed by the S1 nuclease method (10, 20) . The results are expressed as the fraction of [3H]cDNA resistant to S1 nuclease at a given C,t (or Cot) value. Cot and Crt are, respectively, the product of the initial concentration of DNA or RNA in moles of nucleotide per liter and incubation time in seconds (12) . No correction was made for Na+ ion concentration.
Sedimentation analysis of cellular and viral RNA. Cellular RNA, purified as described previously (27) fected with WLV hybridized the WLV cDNA probe to an extent of over 70%. The kinetics of reassociation indicated two to three copies of WLV DNA per haploid genome when compared with unique-sequence NRK cellular DNA reassociation kinetics. DNAs of clonal nonproducer NRK lines transformed by each of the three WSV variants annealed about 30% of the cDNA probe at a Cot of 104, whereas only 10% hybridization was observed with NRK cellular DNA. Thus, no significant differences in extents of WLV cDNA annealing were observed among the WSV variant-transformed cellular DNAs.
Reconstruction experiments were used to determine whether the low extent of hybridization of WLV cDNA by the WSV nonproducer cellular DNAs was due to a low copy number of helper viral sequences or to the absence of a portion of the WLV genome in these clones. When WLV-infected cell DNA was diluted sixfold with NRK cellular DNA to approximate one-half copy of WLV information per halpoid genome, the mixture annealed the probe to a greater extent (45%) than that achieved with WSV nonproducer cell DNAs. Thus, the lower levels of hybridization of WLV cDNA achieved with the WSV nonproducer cell DNAs must be due to the absence of a portion of the WLV genome in these clonal lines.
WLV sequences in WSV clones rescued by a heterologous helper virus. In an effort to compare more quantitatively the representation of helper virus sequences within the different WSV variants, each virus was rescued with a heterologous helper virus, Ki-MuLV, and grown to high titer for biochemical analysis. Figure 2 shows that WLV RNA annealed more than 95% of the WLV cDNA, whereas neither Ki-MuLV RNA nor NRK celuJar RNA appreciably hybridized the same probe. Figure 3 shows that WLV and Ki-MuLV RNAs demonstrated approximately the same sedimentation coefficients (around 70S), whereas WSV clone 9 was slightly smaller than Ki-MuLV RNA. RNAs of the other WSV clones showed lower sedimentation coefficients, consistent with their lesser extents of hybridization of the WLV cDNA probe.
The possibility was next considered that WSV clones 2 and 9, although they appeared to contain quantitatively more of the WLV genome than did WSV clone 11, lacked the gag gene sequences present in WSV clone 11 RNA. If this were the case, the extent of hybridization of the WLV cDNA by the sum of RNAs of WSV clone 11 and either of the other WSV clones should be greater than that achieved with either RNA alone. by C4t1/2 analysis, were very similar, around 30- fold lower than those of WLV-infected NRK cells. Thus, the concentration of viral RNA in WSV clone 9-transforned nonproducer cells could not explain the lack ofgag gene expression by these cells.
Cellular RNAs were prepared from each WSV nonproducer transformant and subjected to sedimentation analysis to compare the size distribution of WLV-specific RNAs. Figure 5 shows that RNA of WLV-producing cells demonstrated a major peak with a sedimentation coefficient of 35S detected by hybridization. The major peaks of WLV-specific RNA associated with each of the WSV transformants were smaller and more heterogeneous, with sedimentation coefficients ranging from 25S to 33S. Each transformant also demonstrated a virusspecific peak at around 18S. Whether the 18S peak represents a breakdown product of the major subunit or a discrete mnRNA remains to be resolved. Consistent with its ability to hybridize the WLV cDNA to the greatest extent, virusspecific RNA in cells transformed by WSV clone 9 possessed the highest molecular weight among the three transformants analyzed.
DISCUSSION
It is well documented that mammalian transforming viruses contain genetic information in addition to that shared with their helper viruses (6, 16, 28, (31) (32) (33) 
